Plantar fasciitis is a common orthopedic syndrome among athletes and nonathletes. The etiology of the pain is multifactorial but usually involves inflammation and degeneration of the plantar fascia origin. The majority of patients will respond to conservative measures. Surgical treatment is reserved for those patients who do not respond. A complete plantar fascia release is performed through a medial longitudinal incision. Prominent heel spurs and degenerated areas in the plantar fascia are resected. Of 27 surgically treated cases followed from one to three years, satisfactory results were obtained in 24 cases. Histologically, localized fibrosis or granulomatous changes or both were noted in several cases.
flexor digitorum brevis, and the plantar fascia. The central portion of the plantar fascia is the thickest and strongest; it is narrowest proximally, attaching to the medial calcaneal tuberosity. The thinner and smaller lateral and medial portions cover the undersurface of the abductor digiti minimi and abductor hallucis muscles (Fig. 2) . The fascia fans out and becomes thinner distally; near the metatarsal heads it divides into five processes, one for each toe.
The posterior tibial nerve has one or two superficial branches that come off proximal to the medial malleolus and are termed the medial calcaneal nerves (Fig. 3) . The posterior tibial nerve then divides into its medial and lateral plantar branches, which pass deep to the abductor hallucis muscle belly. There is controversy over the existence of a third deep branch. This branch, the nerve to the abductor digiti minimi muscle, is described by Gray's Anatomy as a branch of the lateral plantar nerve.' However, Baxter and Thig-pen3 found in multiple anatomic specimen dissections that this nerve branches from the lateral plantar nerve more proximally than described in conventional anatomy text books (Fig. 4) . All of these structures, the plantar fascia, the medial calcaneal nerves, and the nerve to the abductor digiti minimi, have been implicated in the etiology of inferior heel pain.
ETIOLOGY
The plantar fascia, an important static support for the longitudinal arch, acts as a bowstring on the plantar surface of the foot (Fig. 5) .2.5 Strain on the longitudinal arch exerts its maximal pull on the plantar fascia, particularly its origin on the medial process of the calcaneal tuberosity. Basmajian and Stecko's2 electromyographic studies determined that most of the support for the longitudinal arch ofthe foot is applied by the static structures, i.e., the ligaments and bone. The muscles only come into play when excessive loads are applied. HicksI3 described a bowstring mechanism for the plantar fascia, flexor digitorurn brevis, and abductor hallucis occumng during toeoff. The repetitive excessive loads that occur with long distance running may induce an inflammatory process, leading to fibrosis or degeneration or both. 19, 26 S e~e 1 1~~ states that the pain of plantar fasciitis may sometimes be secondary to periosteal inflammation of the 0s calcis.
There are many studies suggesting that nerve entrapment plays a prominent role in the causation of inferior heel pain. Savast an^^^ proposed that irritation or entrapment of the medial calcaneal nerves may be a cause of the painful heel syndrome. He reported good results after surgical resection of these nerves in alleviating inferior heel pain.
Baxter and Thigpen3 proposed that inferior heel pain often represents a compression neuropathy of the nerve to the abductor digiti quinti. In their multiple anatomic specimen dissections, they found that this nerve passes in close proximity to the bony inferior medial ridge of the 0s calcis (and spur, if present) . Entrapment occurs in this area where the central portion of the plantar fascia inserts or under the deep fascia of the abductor hallucis near its origin. Other investigators have also implicated entrapment of this nerve as a cause of inferior heel A painful heel syndrome may be predisposed by a planus as well as a cavus foot deformity. Mann and Inman" noted that in patients with pes planus, heel pronation increases the tension on the medial aspect of the heel, predisposing to a painful heel syndrome. Direct repetitive microtrauma with heel strike to the ligamentous and nerve structures in the medial portion of the heel has also been implicated as a possible cause. This may be a common etiology in the painful heel, particularly in the middle-aged, 
DIAGNOSIS
The typical patient with inferior heel pain describes it as being of gradual onset and not associated with a single acute traumatic episode. Pain felt in the plantar aspect of the heel is most commonly localized to the medial process of the calcaneal tuberosity. The pain is often described as a burning sensation and will become gradually worse if left untreated. The pain typically occurs during weight bearing and may be exacerbated by climbing stairs or going up on the toes.
Morning pain and stiffness are common. The pain usually diminishes after taking a few steps, then gradually increases during the day. Runners may run through the discomfort and complete their run. Next it progresses so that any weight-bearing activity becomes painful and running and jumping are no longer possible. With an acute onset of pain following running or jumping, an acute rupture of the plantar fascia, complete or partial, must be ruled out.12,'6 In these cases, the patient develops a severe localized swelling with acute tenderness. These cases should be treated with limited weight bearing on crutches for two to three weeks, ice, and antiinflammatory medication, followed by gradual resumption of activity.
The etiologic factors in runners include training errors such as a rapid mileage increase, running on steep hills, and worn running shoes and biomechanical factors such as pes cavus and excessive pronation of the heel.30 Most studies have found that 20% to 30% of these cases will be bilateral. In these cases, it is important to rule out a systemic disorder such as systemic lupus, gouty arthropathy, ankylosing spondylitis, or Reiter's syndrome as the cause6
On physical examination, localized tenderness is noted at the medial process of the calcaneal tuberosity ( Fig. 6 ). There may be tenderness extending to the central and lateral portions of the tuberosity and the proximal portion of the plantar fascia, particularly medially. Examination of the patient in the standing position to look at the weight-bearing configuration of the arch may reveal a rigid cavus foot or excessive pronation of the heel upon heel strike. Localized swelling may be present. Passive stretching of the plantar fascia or having the patient stand on his toes may exacerbate his symptoms. The plantar fascia may be quite taut or thickened.
One must rule out other causes of pain in the heel. A patient with a stress fracture ofthe 0s calcis may have pain and tenderness on the medial and lateral aspects of the 0s calcis, since a stress fracture usually occurs through the posterior aspect of the body of the calcaneous. A patient with tarsal tunnel syndrome usually has burning pain radiating into the plantar aspect of the toes, often associated with causalgia, hypesthesia, and motor and sensory deficits. A neurologic examination is mandatory. One should also look for Tinel's sign indicating nerve entrapment.
If one suspects systemic disease, appropriate blood tests to rule out these causes may be necessary. In elderly patients, vascular insufficiency, which may produce burning heel pain with activity, should be ruled out. If the history and physical examination indicate tarsal tunnel syndrome, electromyography may be necessary. In the majority of cases, the diagnosis can be made by history and physical examination alone.
ROENTGENOGRAMS
A lateral roentgenogram of the heel may reveal a heel spur or calcification and can rule out any unusual causes of heel pain such as a calcaneal cyst or stress fracture. Usually the roentgenogram is negative or shows a horizontal spur projecting from the calcaneal tuberosity ( Fig. 7) .
The etiologic significance of this spur remains controversial; some believe it is the only cause of pain and others believe it is an incidental finding. Rubin and Witten23 studied the roentgenograms of 461 patients who did not have painful heels and found plantar spurs in 125. Only 10% of the patients with spurs eventually developed any heel pain. Tanz3' reviewed 100 roentgenograms of painless heels in adults and found that there were plantar spurs present in 16%. In similar roentgenograms of children younger than 15 years of age, no spurs were found. He found that 50% of the patients with heel pain had spurs on roentgenograms. He concluded that patients with plantar heel pain are more likely to have a spur on roentgenograms, although many patients with plantar heel pain will not have a spur. DuVries7 noted two types of spurs: one was a small horizontal spur, which was nonweight bearing and thus asymptomatic. The other type was a vertical, weight-bearing type, which may cause symptoms. Lapidus and Guidotti,I5 however, studied 323 patients with 364 painful heels and concluded that the plantar calcaneal spur is never the cause of pain and is probably a nor-mal manifestation of the aging process, secondary to a general tendency toward ossification of the tendons and ligaments at their insertion into the bone. They discouraged any attempts to remove the spur.
The experience of this study is that the spur is usually small and horizontally oriented and not the primary cause of pain. The symptoms are mostly a result of the inflammation of the plantar fascia or nerve entrapment or both. Anatomic studies have shown that the spur is located at the short flexor origin rather than the origin of the plantar fascia, casting further doubt on the concept that the spur itself contributes to the pain.
reported that a bone scan is useful in the diagnosis of a painful heel syndrome, particularly when a stress fracture is a possibility. In these cases, the delayed bone image would be negative. Inflammation at the plantar fascia origin may cause some periosteal inflammation and reaction at the site of the calcaneal tuberosity. In these cases, the early blood pool images will reveal increased uptake in this area. Use of a bone scan is not routinely necessary when diagnosing this problem; it is helpful in the occasional case when a stress fracture is suspected. It is common to see a case with normal roentgenograms and a positive bone scan, representing an inflammatory response of the periosteum at the site of the attachment of the plantar fascia and intrinsic muscles.
TREATMENT
There is controversy over the exact etiology of the painful heel syndrome, but there is less argument over the appropriate conservative measures that can be taken to alleviate this condition. A period of rest with a de-crease or a cessation in running and jumping activities should be emphasized. Often the patient already has been forced to cease athletic activities and has become symptomatic with activities ofdaily living before seeing the clinician. Many runners try to continue to run through their pain, gradually making the symptoms more severe and chronic. Relative rest is the mainstay of treatment. Local ice application is recommended, particularly after activity. The ice should be applied for 20 to 30 minutes after athletic activity. Stretching of the plantar fascia can be done in the same way the Achilles tendon is stretched: by leaning forward against a wall, keeping the heel flat on the ground (Fig. 8 ).
This will also stretch out any associated Achilles tendon and posterior ankle contracture that may be present.
Heel cups are sometimes helpful in alleviating symptoms. The plastic heel cup theoretically works by cupping the soft tissues and thus absorbing some of the impact on the inflammed area of the heel. These heel cups can be placed in regular shoes or running shoes. A firm rubber heel cup that gives more cushioning to the inflammed area can also be used. If the tenderness is localized, a felt or f i r m rubber heel pad with a relief area cut out underneath the area of tenderness may be beneficial ( Fig. 9 ). Patients who spend a portion of FIG. 9 . From left to right: The Tulis's heel cup, the plastic heel cup, and a felt pad with a relief cut out for the tender area.
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their work day standing or walking on hard surfaces may benefit from sorbuthane inserts.
Nonsteroidal antiinflammatory agents are helpful in acute cases and usually are prescribed for a period of two to three weeks. They seem to be of less benefit in chronic, recalcitrant cases. Physical therapy modalities, such as pulsed ultrasound, phonophoresis, and iontophoresis generally are not of great benefit. The role ofphysical therapy modalities. apart from instruction in appropriate stretching exercises, appears limited.
In distance runners, training errors must be sought and corrected. In recalcitrant cases, a local injection ofcorticosteroid is occasionally beneficial. This facility has had variable success with this technique, but there is a role for local corticosteroid injection when other measures have failed. The use of multiple steroid injections is discouraged because an association of multiple steroid injections with acute plantar fas-cia rupture has been previously described.' Furthermore, multiple steroid injections may lead to atrophy of the heel pad. Taping and strapping techniques are considered beneficial by some. Taping can temporarily support the arch, control heel valgus, and change the foot strike position. If it seems helpful, a more permanent orthotic can be prescribed. A period of cast immobilization has not been found to be helpful. Improvement is slow and gradual, sometimes taking up to a year. Patience is necessary for the patient as well as the physician. Cycling and swimming are encouraged as alternative activities to maintain physical and psychological well being. A gradual resumption of activity should be stressed after symptoms have subsided to prevent their return. Early diagnosis and treatment are more likely to result in a successful outcome. The longer the duration of symptoms in runners who continue to run, the less likely that these measures will be successful. This entity has caused the end of a career for many competitive athletes.
Campbell and Inman5 have reported successful treatment of plantar fasciitis and calcaneal spurs with the orthotic insert. In their experience, plantar fasciitis is most often observed in persons with some degree of pes planus, associated with excessive pronation of the hind foot. Their theory is that by holding the heel in inversion with the use of their insert, the tension on the plantar fascia is relieved. They reported the use of this insert in 23 patients, with relief in all but two cases.
The majority of patients can be successfully managed by nonoperative measures. Occasionally, operative intervention may be necessary. In most cases, the patient for whom surgery is considered has significant pain and disability with activities of daily living or activities he or she considers important. A minimum of six months of nonoperative care should be rendered before considering surgical intervention. If any measure of improvement is seen, nonoperative measures should continue for at least another six months since in some cases it may take a year for the resolution of symptoms.
MATERIALS AND METHODS
There were 25 patients, two requiring bilateral surgery, for a total of 27 cases. The ages ranged from 18 to 56 years with most of the patients in the third and fourth decades. Consistent with the practice at this facility, the majority (20) were competitive athletes, including 16 runners, three basketball players, and one gymnast. The others were sedentary patients, two of whom were obese. Symptoms were present for seven months to three years. All conservative measures previously described were exhausted, including complete cessation of running and jumping sports for at least six months. Surgery was considered only in those cases in which no measure of improvement was seen. All demonstrated localized tenderness of the plantar fascia insertion on the medial tuberosity of the 0s calcis. Two cases demonstrated tenderness and signs of nerve entrapment of the medial calcaneal nerve. Two patients had a pes planus deformity and one had a pes cavus deformity. One patient was referred from another facility with previous failed surgery and a roentgenogram demonstrating calcification in the region of the plantar fascia attachment (Fig. 10) . In this patient, a small heel spur had been removed. The pain was never relieved and, in fact, became progressively worse over the following year. The patient's symptoms were attributed to a combination of unrelieved plantar fasciitis and calcification as a result the previous surgery. All of the other patients had no previous surgical intervention. None of the patients demonstrated pain along the course of the abductor digiti minimi, and none had a seronegative disorder.
The surgical technique involved plantar fascia release from the 0s calcis through a medial longitudinal incision (Fig. 11) . Either marked thickening and fibrosis of the plantar fascia at its origin on the medial tubercle or an area of granulomatous tissue in its proximal portion was noted on histologic examination. It is important to look for and decompress the deep calcaneal branch at the time of surgery in those cases in which it may be involved. Since its anatomy is variable, it is not routinely seen. Any area of degeneration within the plantar fascia is resected. After the fascia is released, a 0.635-cm curved osteotome is used to decorticate and smooth out the surface of the calcaneous to stimulate a fibrous healing response and allow the plantar fascia to heal back in a lengthened position. Surgical excision of the heel spur, if present, is also performed if the spur is of significant size. If it originates from the fascia origin, it is dissected out carefully to minimally disturb the tendinous origin. The necessity of this measure has not yet been fully established. Simple heel spur excision without plantar fascia release or neurolysis may not be an adequate procedure. Wound closure is performed with a subcutaneous suture and skin suture. Postoperatively, the patient is placed in a nonweight-bearing cast or brace for two to three weeks to allow soft-tissue healing. The patient then begins a graduated program of stretching and strengthening. Running or jumping activities are not allowed for at least three months following surgery.
RESULTS
FIG. 10. Calcification adjacent to plantar fascia origin after failed heel spur excision.
.
The follow-up period ranged from one to three years. Most patients continued to improve up to six months postoperatively. Results were based primarily on the absence of pain and tenderness as well as the ability to return to sporting activities. In sedentary patients, the ability to return to painless activities of daily living and general satisfaction with the result were considered a good result.
Of the 27 operations, 24 were considered successful, allowing the patient a return to full activity without significant complaints.
Continued use of an orthotic in the two patients with oes olanus was recommended; AND 1 1 B. (A) Incision for plantar fascia and release. (B) Plantar fascia exposed and released from its origin on the 0s calcis. however, the majority of patients did not require continued use of a heel cup or orthotic. Of the three less than optimal results, two occurred in sedentary individuals. In one case previously mentioned, surgical heel spur excision had been performed elsewhere and the patient developed calcification in the region of the proximal plantar fascia. Although the patient had a 50% improvement at the one year follow-up evaluation, she experienced weakness and fatigue in the medial longitudinal arch, limiting the long distance walking that she had previously performed. One other patient was a 55-year-old woman who developed a skin slough over the incision, which required minor debndement and took four months to heal. Although the final result was satisfactory, she had mild discomfort with pressure in the region of the resulting hypertrophic scar. The one athlete who continued to have symptoms was a marathon runner who found himself moderately improved but was unable to train at the level he wanted. He continued to have local tenderness although he continued to run and compete at a limited level.
The one complication that occurred was a previously mentioned skin slough that led to a hypertrophic sensitive scar. There were no problems with neuroma formation, although this always remains a concern. Several patients did have subcutaneous heel pad swell-ing present for one to two months that always resolved.
DISCUSSION
There are many surgical alternatives for treatment of the painful heel. Many etiologies have been suggested, and appropriate surgical management remains controversial. The most commonly used surgical procedures include plantar fascia r e l e a~e ,~, '~> *~ excision of the heel ~p u r , ' , '~, *~ surgical decompression or neurolysis of either the medial calcaneal nerve or the nerve to the abductor digiti minimi,3.22.29 surgical neurectomy of the medial calcaneal and excision of the medial tubercle of the 0s calci~.*~ Several decades ago a simple heel spur excision was the surgical treatment of choice. D~V r i e s ,~ in 1957, reported on a series of 37 patients treated with simple heel spur excision. He reported success in all 37 patients. He believed that the symptomatic spurs were caused by mechanical factors and were painful upon weight bearing because ofthe abnormal pitch of the calcaneous. Heel spur excision was advocated in 19 10 by Griffith'O and in 1938 by Steindler and Smith.29 In Steindler and Smith's series, 16 of 22 heels had simple spur excision, with good results in only seven. Other reports of simple spur excision did not have the success rate of DuVries.' Steindler and Smith29 also presented eight cases in which they performed a complicated rotational osteotomy of the 0s calcis to inbed the spur into the body of the calcaneous. This radical procedure seems to be of historical interest. In 195 1, Michele and Krueger" presented two cases in which they performed a counter sinking osteotomy to flatten out the prominence of the exostosis, which they believed caused localized irritation and bursa formation. They reported that this technique was successful in both of their cases. This approach has not been reported since.
Snook and Chrisman28 advocated partial excision of the medial tubercle of the calcaneous. They stated that the subcalcaneal pad loses its compressibility and increases the weight-bearing forces on the tubercles on the 0s calcis, particularly on the medial side.
Their experience was that the pain is always located under the medial tubercle and never at the site of the spur when present. They reported satisfactory results in all eight heels surgically treated. Drilling of the 0s calcis was reported by
Hassab and El-Sheriff ' in 1974, then subsequently by Jay14 in 1985. This procedure involves making multiple drill holes through the body of the calcaneous. Hassab and El-Sheriff' reported excellent results in 62 of 68 patients. They could not explain why this procedure worked but suggested that it "may induce a sort of decongestion or decornpression of the calcaneous." Plantar fascia release is one of the more popular methods of surgical management.8"63'7,26 The pain is usually localized under the medial tubercle of the calcaneous at the origin of the plantar fascia. A high amount of tension is developed in the fascia with athletic and strenuous activities. An inflammatory response occurs at this area of high stress and may lead to localized fibrosis or degeneration at the plantar fascia origin. Surgical release of the fascia may provide relief of symptoms by allowing the fascia to assume a position of less tension. Snider et reported 1 1 plantar fascia releases in long dis-tance runners, with satisfactory results in all. Histologic examination of tissue samples obtained at the time of surgery showed degeneration, metaplasia, or calcification of the collagen tissue. Lester and Buchanan17 reported on 12 heels managed by plantar fascia stripping, with success in all.
As previously described, many investigators advocate that nerve entrapment or irritation may be the cause of inferior heel pain, and they advocate decompression, neurolysis, or neurectomy as the appropriate surgical management. S a~a s t a n o~~ advocated a partial neurectomy of the medial calcaneal nerve, the sensory branch of the posterior tibial nerve. He suggested that by denervating the area of involvement, the pain can be relieved without any functional loss. He reported satisfactory results in 16 of 19 patients surgically treated. Tanz3' noted a deep calcaneal branch of the posterior tibia1 nerve when he was performing the heel spur excision. Based on this observation, he performed an anatomic specimen study in which he injected heels with india ink in the area where he noted his patients to be symptomatic. On dissection, he found that the larger, deeper branch of the calcaneal nerve was always impregnated with the dye. He suggested that this nerve is subject to direct trauma and pressure from the spur as well as localized inflammation. He hypothesized that simple heel spur excision may work on the basis of denervating or decompressing this nerve. He did not report any operative cases to support his hypothesis.
In 198 1, Przylucki and Jonesz2 implicated perineural fibrosis of the motor branch to the abductor digiti minimi muscle, as a cause of inferior heel pain. They also noted that in their cases it was a branch of the lateral plantar nerve. In three of their cases, entrapment neuropathy of this nerve was at least part of the cause of symptoms. In 1984, Baxter3 advocated the view that the heel pain is secondary to an entrapment neuropathy of the mixed nerves supplying the abductor digiti minimi muscle. He believed that there was anatomic variation of this nerve, which was a branch of the posterior tibia1 nerve or the lateral plantar nerve. He found that it usually passed deep to the abductor hallucis muscle and dorsal to the heel spur in the plantar fascia, which were two sites of potential compression. He performed a neurolysis and decompression of this nerve in 34 cases and had satisfactory results in 32.
In the present series, inflammation or degeneration or both of the central plantar fascia origin was the most common finding. Compressive neuropathy often plays a role in these cases; however, differentiation of plantar fascia inflammation versus compression of the medial calcaneal nerves or the nerve to the abductor digiti minimi is often difficult.
The operation described primarily addresses the inflammation of the plantar fascia and has led to good results in most cases. Histologic inflammatory or degenerative changes or both were found in many cases. Since the nerve to the abductor digiti minimi passes close to the plantar fascia origin and may be compressed in this area, this operation also appears to decompress this nerve in those cases in which it may be involved in the etiology.
